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(54) Information processing apparatus with probe undergoing circular motion 



(57) In an information processing apparatus, at 
least one of recording and reproduction of information is 
performed while two-dimensionally scanning a record- 
ing medium with a probe, utilizing a physical phenome- 
non occurring between the probe and the medium. The 
apparatus includes a scanning mechanism for effecting 
relative movement between the probe and the medium 



so as to translate the probe as drawing a circular or 
elliptic locus on the medium and a recording and/or 
reproducing circuit for performing at least one of the 
recording and reproduction of information, utilizing the 
physical phenomenon during the relative movement. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an information 
processing apparatus for performing high-density 
recording and/or reproduction of information, utilizing 
the principle of scanning probe microscope. 

Related Background Art 

Recently, applications of memory materials are the 
core of electronics industries including computers and 
related devices thereto, video disks, and digital audio 
disks, and development of the materials is also very 
vivid. 

The majority of conventional memories were mag- 
netic memories and semiconductor memories using 
magnetic and semiconductor materials, but with 
progress of laser technology cheap and high-density 
recording media are coming along as optical memories 
using an organic thin film of an organic dye, a photopol- 
ymer, or the like. 

Further, recently developed was the scanning tun- 
nel microscope (hereinafter referred to as STM). which 
was able to directly observe an electron structure of 
atoms in a sample surface with extremely high resolu- 
tion (in the order of nanometer or less) (G. Binnig et al. r 
Phys. Rev. Lett, 49 (1982) 57). Development is active to 
put to practical use a memory system capable of per- 
forming super-high-density recording and/or reproduc- 
tion in the atomic or molecular size, utilizing the 
principle of STM. 

The STM utilizes the fact that a tunnel current flows 
depending upon a voltage applied between a probe tip 
and a medium surface when a probe electrode is 
brought to the distance of about 1 or less nm to the 
medium surface. This current is very sensitive to a 
change of the distance between them. It can read even 
various information on total electron cloud in the real 
space by scanning with the probe as keeping the tunnel 
current constant. 

Analysis with the STM is now being applied not only 
to analysis of electrically conductive materials, but also 
to structural analysis of a thin insulating film formed on 
a surface of a conductive material. Further, attempt is 
recently made to observe surface structure or to meas- 
ure a local, physical amount, utilizing various physical 
phenomena (interatomic force, magnetic force, etc.) 
occurring between the probe and the medium surface, 
without being limited to the current. 

The STM family of these kinds is called as a scan- 
ning probe microscope (SPM) because scanning is 
made with a micro-probe. 

In either case, the resolution in the in-plane direc- 
tion is of nanometer to subnanometer. The super-high- 
density memory as described above employs this 



extremely high space resolution, in which information is 
recorded by giving physical deformation on the record- 
ing medium or a change of electron state in the medium 
surface and from which information is reproduced by 

5 scanning with the probe. 

For example, when a pulse voltage (for example, of 
crest value 3 to 8 V and pulse width 1 to 100 us) is 
applied between the medium and the probe, recording 
bits can be formed in the form of micro-holes (for exam- 

10 pie, in the diameter of about 4 nm) on a graphite surface 
or in the form of micro-projections (for example, in the 
diameter of about 10 nm) on a surface of a metal such 
as Au. Japanese Laid-open Patent Application No. 63- 
161552, Japanese Laid-open Patent Application No. 

is 63-161553, etc. disclose the method for recording 
and/or reproducing information with the STM using as a 
recording layer a material having a memory effect to 
switching characteristics of conductivity change, for 
example a thin film layer of one out of rc-eiectron group 

20 organic compounds and chalcogenides. 

This method allows high-density and large-capacity 
recording and/or reproduction even of 1 Tera bits/cm 2 
when the bit size of recording is 10 nm. Further, there is 
a supporting and displacing mechanism of probe elec- 

25 trode in the cantilever shape (Japanese Laid-open Pat- 
ent Application No. 62-281 138). which enables a lot of 
probe units to be fabricated and integrated on a Si sub- 
strate in which writing and reading circuits are prelimi- 
narily formed. 

30 However, an attempt to raise the speed of probe 
scanning by increasing scanning frequency using the 
conventional scanning mechanism as it is will result in a 
problem that influence of resonance at a resonant point 
of the scanning mechanism becomes unignorable. 

35 Namely, for forming the SPM or recording and/or 
reproducing apparatus as an actual apparatus, the 
apparatus needs to have a mechanism for maintaining 
the distance between the recording medium and the 
probe electrode so as to keep the tunnel current flow 

40 and relatively moving (scanning) the probe electrode to 
the recording medium. The scanning mechanism of 
probe electrode conventionally used is a stage con- 
structed of parallel plate springs and a laminate piezoe- 
lectric device, or a cylindrical piezoelectric device 

45 having divided electrodes. 

Such conventional apparatus needs to raise the 
scanning frequency in order to increase the recording or 
reproducing speed of data. Because of it. particularly 
when two-dimensional scanning is carried out in the X, 

so Y directions, there are cases that resonance of the 
scanning mechanism or the probe support mechanism 
is caused by high-order frequency components gener- 
ated by repetitions of reciprocal scanning in the X-axis 
direction (in the main scanning direction) having high 

55 scanning frequency. This vibration modulates a gap 
between the medium and the probe or scanning dis- 
placement, which becomes a cause of recording and/or 
reproducing errors due to misreading of detection signal 
intensity or recording bit position. 
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For example, the scanning mechanism using the 
parallel springs and laminate piezoelectric device has 
the resonance frequency of about 1 to 8 kHz in the case 
of the arrangement normally used in the SPM. 

In this case, the maximum scanning frequency 5 
operable without influence of resonant point on an 
image of SPM is between about 10 and 100 Hz. 

In the case of the scanning mechanism using the 
cylindrical piezoelectric device, which permits a weight 
reduction of a moving part, the resonance frequency is 10 
between 10 and 50 kHz, and the maximum scanning 
frequency is between about 100 and 300 Hz. 

When the above scanning mechanisms are applied 
to the recording apparatus, though depending upon 
products applied, the scanning frequency of at least 5 15 
kHz is necessary for obtaining the bit rate of 1 Mbps. 
Therefore, efforts have been made to decrease the 
effect of resonance of the scanning mechanism, for 
example to raise the resonance frequency by enhancing 
rigidity by further compactif ication and weight reduction 20 
of the scanning mechanism or to decrease Q value of 
resonance by adding a damping mechanism. 

There was a limit on such countermeasures, and 
the influence of resonance was a big problem in achiev- 
ing higher scanning frequency. 25 



Fig. 3 is a conceptual drawing to show a locus of 
probe scanning on the recording medium in 
Embodiment 1 of the present invention; 
Fig. 4 is a conceptual drawing to show a probe 
locus when rotational scanning and translations 
scanning is continuously carried out in Embodiment 
1 of the present invention; 

Fig. 5 is a block diagram to show a setup of a 
recording and/or reproducing apparatus in Embodi- 
ment 2 of the present invention; 
Fig. 6 is a conceptual drawing to show a setup of a 
memory block in Embodiment 2 of the present 
invention; 

Fig. 7 is a plan view to show a stage scanning 
mechanism in the X-direction in Embodiment 2 of 
the present invention; 

Rg. 8 is a sectional view to show the stage scan- 
ning mechanism in the X-direction in Embodiment 2 
of the present invention; and 
Fig. 9 is a conceptual drawing to show a locus of 
probe scanning in Embodiment 2 of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide an information processing apparatus that can 30 
perform stable recording and/or reproduction even dur- 
ing high-frequency drive of the scanning mechanism, 
solving the above problem. 

The above object is achieved by an information 
processing apparatus which performs at least one of 35 
recording and reproduction of information while two- 
dimensionally scanning a recording medium with a 
probe, utilizing a physical phenomenon occurring 
between the probe and the medium, comprising: 

a scanning mechanism for effecting relative 40 
movement between said probe and said medium so as 
to translate said probe as drawing a circular or elliptic 
locus on the medium; and 

a recording and/or reproducing circuit for per- 
forming at least one of the recording and reproduction of 45 
information, utilizing the physical phenomenon during 
the relative movement. 

The details will be explained in the description of 
the embodiments to follow. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram to show a setup of a 
recording and/or reproducing apparatus in Embodi- 
ment 1 of the present invention; 55 
Fig. 2 is a signal diagram to explain operation of a 
rotational scanning drive circuit in Embodiment 1 of 
the present invention; 



The present invention enables the scanning mech- 
anism to perform stable and high-speed probe scanning 
by composite operation of a circular or elliptic motion 
with a translational motion thereof. 

The present invention can prevent information from 
being repetitively recorded in or reproduced from a 
same region in such a manner that recording or repro- 
duction is carried out in either one of a going path and a 
return path as to an X-axis component of the circular 
motion, that is, as to simple harmonic oscillation (recip- 
rocal motion) in the main scanning direction, in the cir- 
cular motion. 

If the circular motion is carried out at equiangular 
velocity, a probe moving amount per unit time is con- 
stant, which facilitates control of probe position on the 
time axis. Namely, since a change amount of position is 
in proportion to the time, the probe position can be kept 
track of by simply counting a clock of constant fre- 
quency in accordance with the duration of probe move- 
ment, for example. 

As for recording and reproduction, the recording 
operation is carried out at constant time intervals by uni- 
form scanning so as to form recording bits at equal 
intervals on the medium, and upon reproduction the bits 
of information aligned at equal intervals on the medium 
can be read out at constant time intervals. 

Further, since the scanning locus does not have 
any quick speed change portion or any return point, 
which was a problem in the case of the linear reciprocal 
scanning of the conventional probe, the invention can 
prevent occurrence of resonant oscillation, which is 
likely to occur at such a quick velocity change portion. 

The present invention will be explained in further 
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detail, using the embodiments thereof. 
[Embodiment 1] 

Fig. 1 is a schematic, structural drawing of the 
recording and/or reproducing apparatus associated with 
Embodiment 1 of the present invention, Fig. 2 is a wave- 
form diagram to show signals obtained in a rotational 
scanning drive circuit portion, and Fig. 3 is an explana- 
tory drawing to show a state of probe scanning. 

First explained in detail are constituent elements of 
the recording and/or reproducing apparatus shown in 
Fig. 1. 

In the drawing, reference numeral 1 designates a 
probe, and 2 a cylindrical piezoelectric device. 

The cylindrical piezoelectric device 2 having 
divided electrodes is composed of a Z-directional drive 
section 2a and an XY-direction drive section 2b. 

The Z -direction drive section 2a is connected to a 
drive circuit 9, and moves the probe electrode 1 in the 
direction of the Z-axis as illustrated in accordance with 
a signal Vz sent from a servo circuit 8. 

Similarly, the XY-direction drive section 2b is con- 
nected to a drive circuit 16, and moves the probe in the 
direction of the X-axis and in the direction of the Y-axis 
as illustrated in accordance with output signals Vx, Vy 
from a rotational scanning drive circuit 14. 

Numeral 5 denotes an XY stage. A linear actuator 6 
is driven by a drive circuit 17 to move the XY stage 5 in 
the X- and Y-axis directions in accordance with an out- 
put signal from a translations scanning drive circuit 1 5. 

A recording medium 3 formed on a substrate 4 is 
mounted on the XY stage 5. 

Further, numeral 7 represents a current-voltage 
conversion circuit, 8 a servo circuit, and 9 a drive circuit. 

The current-voltage conversion circuit 7 detects a 
current I flowing between the probe electrode 1 and the 
recording medium 3 to convert it into a voltage signal V. 

The servo circuit 8 performs predetermined arith- 
metic using the vcrftage signal V to calculate a drive volt- 
age Vz, and the drive circuit 9 dc-amplifies the signal 
and outputs the amplified signal to the piezoelectric 
device 2. Further, numeral 1 1 stands for a bias genera- 
tion circuit, 12 for a data encoding circuit, and 13 for a 
data decoding circuit. 

The bias circuit 1 1 generates a reading bias voltage 
Vb or a recording pulse voltage Vp in accordance with a 
control signal from a timing circuit 10 to apply a desired 
voltage to the recording medium 3. 

The data encoding circuit 12 encodes recording 
data D sent from the outside and controls the bias gen- 
eration circuit 1 1 , based on the timing controlled by the 
timing circuit 10. The data decoding circuit 13 decodes 
the recording data D recorded in the recording medium 
3 from the voltage signal V sent from the current-voltage 
conversion circuit 7 to output data decoded to the out- 
side. 

Further, numeral 10 denotes a timing circuit, 14 a 
rotational scanning drive circuit, and 15 a translational 



scanning drive circuit. 

The rotational scanning drive circuit 14 and transla- 
tional scanning drive circuit 15 are circuits for generat- 
ing respective drive waveforms for probe scanning, 

5 which operate in synchronization with a reference clock 
generated by the timing circuit 10. 

The reference clock is set near the natural fre- 
quency of the piezoelectric device 2. Writing or reading 
of data is also carried out in synchronization with the 

w control signal from the timing circuit 10. 

The operation of the recording and/or reproducing 
apparatus is next explained referring to Fig. 1 , Fig. 2, 
and Fig. 3. As keeping constant the distance between 
the probe 1 and the surface of the recording medium 3 

15 by the output signal Vz from the servo circuit 8, the 
probe 1 scans the recording medium 3 in parallel there- 
with by displacement of the XY-direction drive section 
2b of piezoelectric device 2 and the linear actuator 6. 
Specifically, the rotational scanning drive circuit 14 out- 

20 puts sinusoidal waves with the phase shift of n/2, as 
shown in Fig. 2, as signal Vx and signal Vy so as to 
apply Vx and Vy to the segmental electrode for X-axis 
scanning and the segmental electrode for Y-axis scan- 
ning, respectively, of the piezoelectric device 2. 

25 As a result, a probe scanning locus 20 becomes cir- 
cular as shown in Fig. 3. Here, the frequency of the 
sinusoidal waves is 12.5 kHz (the period T = 8 ms) close 
to the natural frequency (approximately 13 kHz) of the 
piezoelectric device. The output signal Vd to the linear 

30 actuator is changed stepwise in the period T to translate 
the XY stage 5 in the Y-axis direction, thereby changing 
the probe position as shown by the arrow 21 in Fig. 3. 

Since probe loci of adjacent circular motions over- 
lap with each other, the duration for generation of 

35 recording bits or for reading of recording data is prefer- 
ably determined within about a semicircle of rotational 
scanning. A more preferred duration is not more than a 
semicircle (not more than T/2). Here, signal XENB 
becomes active inside the timing circuit 10 during dura- 

40 tion B which is a duration obtained by subtracting the 
head and tail durations of tF and tB from duration A in 
which Vx is monotonously increasing, thereby generat- 
ing clock XCLK (of period tCK) for recording or repro- 
ducing processing. The stepwise displacement of the 

45 XY stage 5 by translational scanning is carried out while 
XENB is not active. 

Recording of information is based on a method for 
detecting that the probe 1 reaches a desired position on 
the recording medium 3 by probe scanning, from a sig- 

so nal from the timing circuit 10, applying a voltage 
between the probe and the medium in synchronization 
with clock XCLK as described above to electrically proc- 
ess the recording medium 3, and thereby forming a 
recording pit 22 corresponding to encoded recording 

55 data D. Reproduction of information is carried out by 
measuring a physical phenomenon occurring when the 
probe approaches the medium. 

In this example, specifically, the recording medium 
3 is the SOAZ dye organic thin film (double-layered film) 



7 

laminated on a gold electrode, which is the recording 
medium disclosed in Japanese Laid-open Patent Appli- 
cation No. 63-161552 and Japanese Laid-open Patent 
Application No. 63-161553. recording bits are written on 
the medium by a pulse voltage generated by the bias 5 
generation circuit 1 1 , and a probe current is detected as 
a voltage signal by the current-voltage conversion circuit 
7 to reproduce the data. 

When the above apparatus is used for recording or 
reproduction, the recording bits are continuously formed 10 
at equal time intervals tCK. When rotational scanning is 
carried out at equal velocity, a distance between record- 
ing bits is expressed by 

2* R*sin(7ftCK/T). 15 

For example, when R = 0.5 \im, T = 8 ms, and tCK 
= 25 us, the recording bits were formed at intervals of 
about 1 0 nm. Since the recording bits are formed at 
equal intervals on the medium, signals corresponding to 20 
the recording bits in the detection signal upon reproduc- 
tion have equal time intervals. This facilitates control of 
the probe position and enables to improve S/N ratios by 
a simple electric circuit in case of performing filtering of 
detection signal. 25 

Further, the above apparatus was used to observe 
Z-directional changes of the probe due to parasitic oscil- 
lation as performing probe scanning over the medium 
surface in which no recording bit was formed, and the 
changes were below the detection limit even with the 30 
high-speed probe scanning at repetition frequency 12.5 
kHz. 

It is noted as to the rotational motion that the oscil- 
lation in the X-axis direction does not always have to be 
exactly equal to that in the Y-axis direction. 35 

Namely, the effect of the present invention can be 
achieved by an elliptic motion. Further, the above 
embodiment showed the example of linear translational 
motion, but it is a matter of course that a translational 
motion may be defined along a curve with sufficiently 40 
larger curvature than that of rotational scanning. For 
example, the present invention can be applied to a case 
in which the recording medium is a disk in the radius of 
the mm or cm order, recording regions are formed con- 
centrically around the center point of the disk, and the 45 
translational motion is performed along the Y-axis of the 
circumferential direction. Further, the translational 
motion is not limited to the stepwise displacement, but 
may be a continuous displacement. 

In this case the locus of probe scanning based on so 
composition of rotation and translation is as shown in 
Fig. 4. In the drawing, the solid lines represent scanning 
loci in durations where recording or reproduction is car- 
ried out. while dashed lines represent those during 
durations where no recording or reproduction is carried 55 
out. The translational motion may be any motion that 
can update a region of rotational scanning, and is not 
limited by direction or mechanism. 

The above embodiment was so arranged that the 
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recording bits were formed by application of voltage and 
were read out by the probe current (tunnel current etc.), 
but the probe scanning mechanism as described above 
can be readily applied to another method, for example 
to a case where the recording bits are formed as inden- 
tations by pressing the probe against the medium or by 
changing the shape of the medium with a light beam 
and where an acting force (interatomic force) between 
the probe and the medium is measured to read out the 
recording bits. It is noted that the methods or means for 
recording and reproducing the information do not limit 
the present invention at all as long as the apparatus is a 
super-high density recording and/or reproducing appa- 
ratus using the probe. 

[Embodiment 2] 

Fig. 5 is a block diagram to show the schematic 
structure of the recording and/or reproducing apparatus 
as Embodiment 2 of the present invention. 

Reference numeral 61 is a memory block for storing 
input data, and the detailed structure thereof will be 
described later referring to Fig. 6. Numeral 63 denotes 
a circuit for processing input data into coded signals, 64 
a multiplexer, 65 a demultiplexer, 66 a decoding 
processing circuit for decoding coded signals. 68 a unit 
of memory forming the memory block, and 69 a circuit 
for controlling probe scanning to output signals for rota- 
tional scanning and translational motion to the drive 
mechanism. 

Data input is subjected to encoding processing by 
the encoding processing circuit 63, and thereafter 
encoded data is divided by the multiplexer 64 to be 
recorded and stored in predetermined memory units in 
the memory block 61. 

Upon reproduction the data is changed back into 
the original, continuous data sequence by the demulti- 
plexer 65, and thereafter the data is output through the 
decoding processing circuit 66. To handle with continu- 
ous data in real time, the both input and output portions 
of data, i.e.. the encoding processing circuit 63 and the 
decoding processing circuit 66, are provided with a 
buffer function to avoid data losses during dead time (for 
example, the time of movement of the probe above a 
track or above a non-recorded region) resulting from the 
mechanism in the process of recording or reproduction 
by probe scanning. 

The multiplexer 64 and demultiplexer 65 both are 
controlled by a timing controller 62. 

The memory block 61 has a feature of performing 
recording or reproduction of information at desired posi- 
tions or regions on the recording medium with scanning 
probes. The present embodiment employs the memory 
block the structure of which is shown in Fig. 6. The 
memory block is next explained referring to Fig. 6. In the 
drawing, a plurality of probe electrodes 71 each are 
supported by their cantilevers 72 of an elastic body, and 
are located in the proximity of the recording medium 73. 

Each memory unit is composed of a pair of probe 
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electrode 71 and recording medium 73 opposed to each 
other. The recording medium 73 is formed on a support 
substrate 74, and guide grooves 75 for selection of 
recording region and for tracking upon scanning are 
provided on the surface thereof. A probe position con- 5 
trailer 69 is connected to drive elements 77, 78 of a pie- 
zoelectric member, and is a circuit for displacing a stage 
79, on which a probe unit substrate is mounted, and for 
controlling the gap (Z-directional distance) between the 
probe and the medium and the probe scanning (the 10 
movement and position in the X, Y directions). The 
details of stage scanning will be explained later using 
Fig. 7 and Fig. 8. Recording and reproduction of data is 
carried out in the same manner as in Embodiment 1 . 

In more detail, the recording medium 73 is the 15 
SOAZ dye organic thin film (double-layered film) lami- 
nated on a gold electrode, which is the recording 
medium disclosed in Japanese Laid-open Patent Appli- 
cations No. 63-161552 and No. 63-161553, recording 
bits are written on the medium by a pulse voltage gen- 20 
erated by a voltage applying circuit 83, and probe cur- 
rents are detected to reproduce the recorded data 
through a changeover circuit 80 and a waveform shap- 
ing circuit 81 . 

Values of the probe currents are also input as Z- 25 
directional position control information into the probe 
position controller 69. The timing controller 82 is con- 
nected to the probe position controller 69, the voltage 
application circuit for recording and reproduction 83, 
and the changeover circuit 80, and controls time divi- 30 
sion of data and allocation of recording signals to the 
respective probes. 

The multiple probe units of a lever shape including 
the probe electrodes, used herein, are produced in the 
following manner. A Si0 2 film is formed by thermal oxi- 35 
dation in the thickness of 0.3 urn on the surface of Si 
substrate, and patterning is carried out to form a plural- 
ity of levers 100 Jim long and 20 nm wide. Next, wiring 
patterns for electric signals to the probe electrodes are 
formed, and anisotropic etching is effected with KOH 40 
solution from the back face of substrate, thereby form- 
ing the cantilevers. Subsequently, probe electrodes 71 7 
\im high are formed at tips of levers by the electron 
beam deposition process of carbon or the like, thus 
forming multiple probe units on the probe unit substrate 45 
76. 

Now, the scanning mechanism is explained in detail 
referring to Fig. 7 and Fig. 8. 

Fig. 7 is a plan view of the X-directional drive mech- 
anism portion of stage 79 and Fig. 8 is a cross section so 
along 8-8 in Fig. 7. 

The probe units 76 are fixed on the XY stage 79, 
which is an oscillator having moving directions 
restricted by parallel hinges 85 fixed at one ends thereof 
to a support member 70, and the stage 79 is connected 55 
through a piezoelectric device 78a for supplying oscilla- 
tion energy thereto to a weight 86a and through a piezo- 
electric device 78b for detecting displacement thereof to 
a weight 86b. The stage 79 oscillates when the piezoe- 



lectric device 78a repeats expansion and contraction. 
The weight 86a has a larger inertial mass than the stage 
79 has, and thus, almost all oscillation energy of expan- 
sion and contraction of the piezoelectric device 78a is 
transmitted to the stage 79. 

Oscillation of the stage 79 is also transferred to the 
piezoelectric device 78b. Since the piezoelectric device 
78b is also supported at one end by the weight 86b, 
almost all oscillation of the stage 79 is used to expand 
and contract the piezoelectric device 78b because of a 
great difference of inertial mass. 

When this scanning mechanism is first started, the 
weights 86a, 86b are stationary. 

When an oscillation voltage is applied to the piezo- 
electric device 78a, the stage 79 starts vibrating as 
described above. The oscillating state of the stage 79 is 
detected with the piezoelectric device 78b, and the fre- 
quency of oscillation of drive is controlled so that a 
phase difference between a drive phase of the piezoe- 
lectric device 78a and a detection phase of the piezoe- 
lectric device 78b may become the resonance condition 
of oscillator stage 79. 

When the scanning mechanism satisfies the reso- 
nance condition, the weights 86a, 86b also start vibrat- 
ing, and the stage 79 and weights 86a, 86b come to be 
displaced substantially in the same phase. 

The oscillation at this moment is very stable and the 
oscillation energy supplied from the piezoelectric device 
78a is minimum. 

The Y-directional drive mechanism (not shown) also 
has the same structure. 

However, the drive phase of the piezoelectric 
device for supplying Y-directional oscillation energy, cor- 
responding to the piezoelectric device 78a of the X- 
directional drive mechanism, is controlled to lead by nlZ 
the phase detected by the piezoelectric device 78b. 
Except for this point the drive method is also the same. 

The X-, Y-directional drive mechanisms as 
described above move the stage 79 in a circular motion 
in the XY plane. 

On the other hand, as shown in Fig. 6, the linear 
actuator 84 provided on the recording medium side lin- 
early displaces the recording medium 73 together with 
the substrate 74 and Z-directional drive element 77 in 
the X or Y direction. 

When the recording medium 73 is linearly dis- 
placed in the Y direction in synchronization with the 
above rotational motion, a relative displacement can be 
realized between the probe electrodes 71 and the 
recording medium 73, as shown by probe loci 87 in Fig. 
9. 

In Fig. 9, numeral 75 denotes a tracking groove, 
and 88 are bits recorded on the recording medium 73. 
Similarly as in Embodiment 1 , solid lines of the probe 
loci 87 correspond to durations for performing recording 
or reproducing processing. Durations other than the 
recording or reproducing processing durations, or dura- 
tions when the probe is relatively translated, are dead 
times in which no recording or reproducing processing 
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is carried out. 

In the present embodiment, the memory block 
shown in Fig. 5 is divided into two or more groups, spe- 
cifically into three groups, and the groups are operated 
in phases of drive shifted 2rc/3 from each other so as to 
cancel the above dead times occurring in the respective 
groups. 

These are all controlled by the probe position con- 
troller 69. 

The recording and/or reproducing apparatus of the 
embodiment of the present invention as described 
above performs recording with 1920 probes, at the rota- 
tional scanning frequency 500 Hz, in the main scanning 
width 1 pm. in the bit diameter 5 nm, and in the density 
of bit separations 10 nm, and has the recording or 
reproducing speed of 1 92 Mbps as the entire apparatus 
and that of 100 kHz per unit. 

In the recording and/or reproducing apparatus as 
described, the energy of probe scanning drive is 
extremely reduced and the bit intervals on the recording 
medium are equal, which is the same as in Embodiment 
1. In addition to the signal intervals upon recording, bit 
signals detected upon reproduction are also given at 
constant time intervals, and thus, multiplexing control of 
signal processing systems can be readily realized as 
shown by the present embodiment. 

Claims 

1 . An information processing apparatus for performing 
at least one of recording and reproduction of infor- 
mation while two-dimensionally scanning a record- 
ing medium with a probe, utilizing a physical 
phenomenon occurring between said probe and 
said medium, comprising: 

a scanning mechanism for effecting relative 
movement between said probe and said medium so 
as to translate said probe as drawing a circular or 
elliptic locus on said medium; and 

a recording and/or reproducing circuit for 
performing at least one of said recording and repro- 
duction of information, utilizing said physical phe- 
nomenon during said relative movement. 

2. The information processing apparatus according to 
Claim 1 , wherein said scanning mechanism com- 
prises a first scanning mechanism for moving said 
probe along the circular or elliptic locus and a sec- 
ond scanning mechanism for translating said 
medium. 

3. The information processing apparatus according to 
Claim 2. wherein said second scanning mechanism 
translates said medium stepwise. 

4. The information processing apparatus according to 
Claim 2. wherein said second scanning mechanism 
translates said medium in a continuous manner. 



5. The information processing apparatus according to 
Claim 1 , wherein said recording and/or reproducing 
circuit performs at least one of said recording and 
reproduction of information only in a part of said cir- 

5 cular or elliptic locus. 

6. The information processing apparatus according to 
Claim 1 , wherein said probe is a plurality of probes. 

10 7. The information processing apparatus according to 
Claim 6. wherein said plurality of probes are sepa- 
rated into a plurality of groups and said groups have 
different drive phases of said scanning mechanism 
from each other. 

15 

8. The information processing apparatus according to 
Claim 1, wherein said physical phenomenon is 
occurrence of a tunnel current. 

20 9. The information processing apparatus according to 
Claim 1 , wherein said physical phenomenon is an 
interatomic force. 
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(57) In an information processing apparatus, at 
least one of recording and reproduction of information is 
performed while two-dimensional ly scanning a record- 
ing medium with a probe, utilizing a physical phenome- 
non occurring between the probe and the medium. The 
apparatus includes a scanning mechanism for effecting 
relative movement between the probe (1) and the 
t 



medium (3) so as to translate the probe (1) as drawing 
a circular or elliptic locus on the medium (3) and a 
recording and/or reproducing circuit for performing at 
least one of the recorcfing and reproduction of informa- 
tion, utilizing the physical phenomenon during the rela- 
tive movement. 
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The present invention is related to a method and apparatus for performing Atomic Force 
Microscopy. In the method of the invention, a force and speed profile is defined, which is a 
force speed change as a function of time and a sample is scanned by the AFM probe in 
such a way that the force between the sample and the probe is changed according to said 
predefined profile. The invention is equally related to an apparatus with which to perform 
said method. 
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